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NATIONAL AEROJ!?AUTICS AND SPACE ADMINISTRATION 

TECXNICAL MEMORAUNDUM x-276 

SWILITY AND C0N"EOL CHARACTERISTICS AT 

A MACH NUMBER OF 1.89 OF A LIGH?WEIGHT GLIDER 

REENTRY CONFIGURATIO~SC 

By Ross B. Robinson and M. Leroy Spearman 

SUMMARY 

An invest igat ion has been made i n  the Langley 4- by 4-foot super- 
sonic pressure tunnel a t  a Mach number of 1.89 t o  determine the s t a b i l i t y  
and control  charac te r i s t ics  of a lightweight g l ider  reentry vehicle f o r  
f l i g h t  a t t i t udes  Corresponding t o  conventional f l i g h t  i n  the atmosphere 
a t  r e l a t ive ly  l o w  angles of attack. The configuration investigated w a s  
ana l l -wing  design with a diamond plan form. 
located on the top s ide  of -the W l ' n g , -  an3 X V i n - m ~ m 2 - f i n s w e r e  &+ax+~~& 
t o  the lower s ide  of the wing. 

A s m a l l  fuselage was 
~ -~~~~ - -  - ~- 

The resu l t s  indicated t h a t  the configuration w a s  s tab le  both longi- 
tud ina l ly  and direct ional ly .  The presence of twin ventral  f i n s  that 
were incl ined t o  the body center l i n e  caused a negative increment i n  
pi tching moment throughout the l i f t  range and a l so  reduced the maximum 
value of l i f t -d rag  r a t i o  considerably. The maximum trimmed value of 
l i f t -drag  r a t i o  w a s  abotit 4.2. 

INTRODUCTION 

Among the vehicles being considered for winged reentry i n t o  the 
ea r th  ' s atmosphere a re  lightweight gl ider  arrangements that provide 

A t  
high a l t i t u d e  such vehicles would operate a t  high angles of a t tack t o  
reduce t h e i r  speed before entering the lower atmosphere. 
t o  reentry the vehicle would perform a t r ans i t i on  t o  a conventional 
f l i g h t  a t t i t u d e  and, f o r  the remainder of i t s  f l i g h t ,  would operate i n  
a manner similar t o  t h a t  of a conventional a i rplane.  

.extremely l o w  wing loadings and high values of l i f t -d rag  r a t io .  

Subsequent 
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As a p a r t  of a general study of such reentry vehicles, an inves t i -  
gat ion has been made i n  the Langley 4- by 4 - f O O t  supersonic pressure 
tunnel a t  aMach nunber of 1.89 t o  determine the s t a b i l i t y  and control 
character is t ics  of a representative lightweight glider-type reentry 
machine f o r  conventional f l i g h t  a t t i t u d e s .  The configuration inves t i -  
gated was a n  all-wing design with a diamond plan form. The t r a i l i n g -  
edge portions of the wing were used as elevons t o  provide longitudinal 
and l a t e r a l  control .  A small fuselage w a s  located on the top side of 
the wing and twin d i rec t iona l  s t a b i l i z i n g  surfaces were attached t o  the 
lower side of the wing. The results of the invest igat ion are presented 
herein.  

SYMBOLS 

The r e s u l t s  are re fer red  t o  the body axis system except the lift 
and d r a g  coeff ic ients  which a r e  referred t o  the s t a b i l i t y  axis system. 
The moment-reference point  i s  a t  a longitudinal s t a t i o n  corresponding 
t o  the 71.2-percent body length and a t  a v e r t i c a l  s t a t i o n  0.625 body 
diameters below the body center l i n e .  (See f i g .  1. ) 

CD drag coeff ic ient ,  FD/qS 

CL l i f t  coeff ic ient ,  FL/qS 

C l  rolling-moment coeff ic ient ,  MX/qSb 

cm ?itching-moment coeff ic ient ,  My/qSz 

Cn yawing-moment coeff ic ient ,  %/qSb 

CY side-force coeff ic ient ,  Fy/qS 

FD drag force 

FL l i f t  force 

FY s ide  force 

r o l l i n g  moment, moment about X - a x i s  MX 

pitching moment, moment about Y - a x i s  MY 

c 
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yawing moment, moment about Z-axis 

free-stream dynamic pressure 

wing area, including fuselage intercept  and elevons 

wing mean geometric chord 

wing span 

f r ee  -s tream Mach nmber 

1 L/D l i f t -d rag  r a t i o ,  cL/cD 
1 ,  

ef fec t ive  -dihedral parameter 

direct ional-s  t a b i l i t y  parameter 
cnP 

e side-f orce parameter 
cyP 

~~~- - - - -  - ~ -  

x,y,z body axes sys-6m- 

U angle of attack, deg 

I =  
I 

P angle of s ides l ip ,  deg 

6 elevon deflection, both elevons unless noted, posi t ive 
t r a i l i n g  edge dam, deg 

Components : 

B body 

v ventral  f ins 

E elevons 

L l e f t  elevon 

R r i g h t  elevon 

3 
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MODELS AND APPARATUS 

Details of the model are shown i n  f igure 1, and a photograph of 
the model i s  presented as f igu re  2. The wing and v e r t i c a l - t a i l  
(ventral  f i n )  surfaces had f l a t - p l a t e  sections with beveled edges. 
Deflections of t he  elevons were obtained through the use of prese t  
def lect ion p l a t e s .  
inboard edge of the elevons, were incl ined t o  the body center l i n e  
and, therefore, presented some f r o n t a l  area as w e l l  as s ide area. 
Since the  ventral  f i n s  were attached t o  the elevons, they moved as the  
elevons were deflected.  

The vent ra l  f i n s ,  which were attached t o  the 

A body t h a t  enclosed a six-component strain-gage balance w a s  
attached t o  the  upper s ide  of the w i n g .  
tunnel on a remotely controlled ro ta ry  s t i n g  i n  order t o  f a c i l i t a t e  
t e s t i n g  a t  combined angles of a t tack  and s ides l ip .  

The model w a s  mounted i n  the 

. 
~ 

TESTS, CORRECTIONS, AND ACCURACY 

The t e s t  conditions were as follows: 

Mach number . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.89 
Stagnation temperature, OF . . . . . . . . . . . . . . . . .  65 t o  90 
Stagnation pressure, lb/sq f t  . . . . . . . . . . . . . . . . . .  285 
Reynolds number, based on E . . . . . . . . . . .  0.43X 106 t o  0.39 X lo6 

The stagnation dewpoint w a s  maintained s u f f i c i e n t l y  low (-25' F o r  
below) so t h a t  no condensation effects were encountered i n  the tes t  
sect ion.  

Tests were made through an angle-of-attaEkYrange from about -2' t o  
and through a s i d e s l i p  range from -2O t o  loo a t  nominal 20° a t  

angles of a t tack  of -O.TO, 8.4O,  12.6O, and 16.90. 
p = Oo 

The angles of a t tack and s i d e s l i p  were corrected f o r  the deflec- 
t i o n  of the balance and s t i n g  under load. The base pressure w a s  
measured, and the drag force w a s  adjusted t o  a base pressure equal t o  
free-stream s ta t ic  pressure. 

The estimated accuracy of the individual  quant i t ies  i s  as f O l l O w s :  

L 
7 
0 
6 

4 
C D .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to-mlJ+ 
CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + , O - a l 5  
c 2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.001 
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c,....... . . . . . . . . . . . . . . . . . . . . . . . .  to.Ooo5 

c y . .  +O.OOlO 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  #) .2 
p, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *o. 2 
G,deg f0.2 

C n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.0001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tO.013 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DISCUSSION 

Longitudinal S t ab i l i t y  and Control 

The aerodynamic charac te r i s t ics  i n  p i tch  f o r  various combinations 
of component par t s  are  presented i n  figure 3 .  
elevons t o  the body w i n g  provides a substant ia l  margin of longitudinal 
s t a b i l i t y ,  and the pitching-moment character is t ics  indicate  a s l i g h t  
increase i n  s t a b i l i t y  with increasing l i f t .  The addition of the vent ra l  
f i n s  had no e f f e c t  on the longitudinal s t a b i l i t y  charac te r i s t ics .  
ever, because of the posi t ive lift increment induced by the f i n s  and, t o  

The addition of the 

L 
How- 

+ ~ R S  exb.sntr Because of &be_ drag force acting on the projected f ron ta l  ~_~~ ~~ 

~ - ~ _ ~ ~ ~ ~ ~  

I area of the f in s ,  the addition of the fins caused a negative TncTemeriV ~ 

i n  pi tching moment throughout the l i f t  range. 
added increment of pitching moment i s  t o  increase the amount of control 
required f o r  trirmning. 
causes a subs tan t ia l  reduction in  the maximum value of 

The e f f e c t  of this 

I n  addition, the presence of the inclined f i n s  
(from 6.3 L/D 

t o  4.4). 

Deflegtion of the elevons ( f ig .  4) has l i t t l e  e f f ec t  on the sta- 
b i l i t y  leve l  and provides reasonably l inear  increments of l i f t  and 
pi tching moment. With increasing negative deflection of the elevons, 
the minimum drag f irst  decreases and then increases. 
of the d r a g  contribution of the ventral  f i n s  t h a t  are attached t o  the  
elevons. 
i s  reduced because of a decrease i n  the f i n  drag. 
deflections,  the drag increment of the elevon dominates. 

This i s  a r e s u l t  

For small negative deflections of the elevon, the minimum drag 
For la rger  negative 

The longitudinal-trim results ( f ig .  5 )  indicate l i nea r  control 
cha rac t e r i s t i c s  and a maximum trimmed value of 
the moment-center location used. 

L/D of about 4.2 f o r  

Lateral  and Directional S t a b i l i t y  

The e f f ec t s  of ventral  f ins on the s ides l ip  charac te r i s t ics  are 
presented i n  f igure  6, and the s idesl ip  derivatives are  summarized i n  
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f igure 7. Th addition of the ventral  f i n s  provides a negqtive i n  re- 
ment of Cy as would be expected. (See f i g .  7.) This s ide  force pro- 

vides a d i rec t iona l ly  s t ab le  configuration with an essent ia l ly  constant 
value of c up t o  a = 12O. 

P 

"P 
The addition of the ventral  f i n s  has l i t t l e  e f f e c t  on C z  however, 

P' 
and the indicat ion i s  that the posi t ive increment i n  r o l l  t o  be expected 
from the f i n s  i s  o f f s e t  by a change i n  wing lift (and r o l l i n g  moment) due 
t o  the f i n  pressure f i e l d s .  

Lateral  Control 

A l imited study of the ro l l -cont ro l  charac te r i s t ics  w a s  made by 
deflecting only the l e f t  elevon. The r e s u l t s  ( f i g .  8) indicate an 
essent ia l ly  constant increment of r o l l i n g  moment throughout the angle- 
of-attack range investigated.  
indicated, t h i s  would be o f f s e t  t o  some extent  through opposite def lec-  
t i o n  of t he  r i g h t  elevon. 

Although a large adverse yawing-moment i s  

CONCLUDING REMARKS 

An investigation has been made i n  the Langley 4- by 4-foot super- 
sonic pressure tunnel a t  a Mach number of 1.89 t o  determine the sta- 
b i l i t y  and control charac te r i s t ics  of a lightweight g l ide r  reentry 
vehicle f o r  f l i g h t  a t t i t u d e s  corresponding t o  conventional f l i g h t  i n  
the atmosphere a t  r e l a t i v e l y  l o w  angles of a t t ack .  

The results indicated t h a t  the configuration w a s  s table  both 
longitudinally and direct ional ly .  
t h a t  were incl ined t o  the body center l i n e  caused a negative increment 
i n  pitching moment throughout the l i f t  range and a l s o  reduced the maxi- 
mum value of l i f t - d r a g  r a t i o  considerably. 
l i f t -drag r a t i o  w a s  about 4.2. 

The presence of twin ventral  f i n s  

The maximum trimmed value of 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  V a . ,  January 7, 1960. 
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Figwe 3 . -  Aerodynamic characteristics in pitch for various 
combinations of component parts. 
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Figure 4.- Effect of elevon deflection on the aerodynamic 
characteristics in pitch; complete model. 
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Figure 5.- Longitudinal-trim characteristics; complete model. - 
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(a) Variation of C, with P .  
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. 
Figure 6.- Effect of ventral fins on the aerodynamic characteristics 

in sideslip; S = - 0 . 2 O .  
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(b) Variation of Ci with p.  

Figure 6.- Continued. 
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Figure 6 .  - Continued. 
( c )  Variation of C y  with B .  
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(d)  Variation of CL with B .  

Figure 6.- Continued. 
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(e) Variation of c$, with 8 .  

Figure 6. - Concluded. 
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Figure 7.- Effect  of ventral  f i n s  on the  la teral  charac te r i s t ics ;  
6 = -0.20. - 
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Figure 8. - Roll-  control  characteris tics ; complete model. 
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